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ABSTRACT

fﬂ'b
Q%

A modified Cassegrain feed for an 85-ft diameter antenna, planetary
radar system is described. The equipment and techniques involved are
being developed for use in the National Aeronautics and Space Admin-
istration/Jet Propulsion Laboratory Deep Space Instrumentation Fa-
cility. The radar system operates at a frequency of 2400 Mc in a duplex
mode with a transmitter power of 100 kw CW and an overall receiving
system noise temperature of about 28° K. The feed system utilizes a
nonoptical subreflector and a suppressed sidelobe feedhorn to achieve
an overall aperture efficiency of 0.65 and a zenith antenna noise tem-
perature of 10° K, including atmospheric effects. A versatile polarizing
system provides for either sense of circular polarization or for any
orientation of linear polarization. Detailed design and performance
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information is presented.

I. INTRODUCTION

The development of equipments and techniques for
the National Aeronautical and Space Administration
(NASA)/Jet Propulsion Laboratory (JPL) Deep Space
Instrumentation Facility (DSIF) has been aided by the
projects performed with an experimental planetary radar
system which involved most of the equipments and tech-
niques required to operate a deep space communications
station. Large, efficient, low noise antennas are particu-
larly common to both technologies.

The capability of a radar system is directly propor-
tional to the square of the antenna gain and inversely
proportional to the receiving system noise temperature;
thus, the antenna gain should be maximized and the
antenna effective noise temperature minimized. At one
time (Ref 1) it was believed that these two requirements
were in conflict; recently, however, it was realized that
paraboloidal antenna feed systems can be designed which

tend to satisfy both the gain and the noise temperature
requirements simultaneously,

For paraboloidal antenna systems of the 85-ft or larger
class, it is readily shown that simple economic consid-
erations dictate the use of a highly specialized, high
performance feed system. The following empirical rela-
tionship may be used to estimate the structural cost of a
large antenna as a function of its diameter:

C =~ aDr (1)
where C = antenna cost

D = antenna diameter

a = a constant, dependent on design, required
accuracy, place of manufacture, etc.

b = a constant ~ 2.6
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The antenna gain, G, is given by

G =% (%)2 (2)

where = = 3.1416
n = aperture efficiency

A = operating wavelength; assumed to be a con-
stant; fixed by system considerations

By combining Eq. (1) and (2) and taking the total
differential of G, it is readily shown that to obtain a
specified value of G, the cost value AC, of an aperture
efficiency increase, Ay, is given by

AC ~ %—C— Ay 3)
7

For typical values of

n = 0.65 and b = 2.6, the fractional cost is:

AC
< = 24y (4)

Equation 4 means that a 10% increase of aperture
efficiency (from 0.60 to 0.70) provides the performance
equivalent of reflector diameter change which would
result in a 20% increase in structural cost. Because pre-
cision antennas of the 85-ft class generally cost from
$300,000 to $1,000,000, from an economic standpoint
alone, the feed system design is worthy of considerable
engineering effort.

Also, the reproduction cost of a high efficiency feed is
not much greater than a low efficiency feed once the
development work is done. However, the cost of repro-
ducing a large reflector antenna remains by a more fixed
amount greater than reproducing a small one. Therefore,
economy in duplicating antenna installations also favors
appropriate effort on feed system design.

Assuming the paraboloidal reflector surface is suffi-
ciently accurate for the frequency of operation, all
techniques for maximizing the aperture efficiency and
minimizing noise temperature basically involve control
of the reflector illumination function. This in turn re-
quires control of the feed system radiation pattern and
possibly control of the feed system support structure
design to minimize aperture blockage effects. Figure 1
shows three conceptually possible feed system radia-
tion patterns. Figure la is the optimum but physically

(a) OPTIMUM POLAR FEED PATTERN

/ >
|

(b) POLAR PATTERN OF SIMPLE HORN
vv

DB

DGE AXIS EOGE
(c) POLAR PATTERN OF SHAPED BEAM FEED

Fig. 1. Ideal feed patterns

PARABOLOID FOCAL POINT
SUBREFLECTOR

SUPPORT STRUCTURE
FEED HORN

PARABOLOID
SUPPORT CONE
PEDESTAL

Fig. 2. Cassegrain antenna

unrealizable case where the paraboloid is uniformly illu-
minated with no spillover, resulting in maximum aper-
ture efficiency (100%) and minimum noise temperature.
Figure 1b depicts the type of illumination achieved with
a simple horn-type feed. Such a system will typically
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have an overall aperture efficiency of 0.50-0.60, spillover
of 10-20% and a zenith noise temperature contribution
of 20-40° K. Figure lc is a realizable radiation pattern
which will yield a high performance level.

Although performance of the general type depicted in
Fig. 1c has been realized in focal point feed systems (Ref.
2), we have found the two reflector Cassegrain-type
configuration to be a more practical and operationally
convenient approach. The general physical layout of such
a system is shown in Fig. 2. A subreflector is interposed
between the focal point of the paraboloid and the feed-
horn center of radiation which, when viewed as operating
in the transmit mode, transforms the feedhorn radiation
into a quasi-spherical wave centered at the paraboloid

focal point; in the limit of vanishing wavelength, the
subreflector is a truncated hyperboloid. A Cassegrain-
type system in which the subreflector shape deviates
from a hyperboloid is referred to as nonoptical and
generally can be designed to perform superior to a zero
wavelength approximation design.

For large ground antennas, the feed support cone may
be sizable without significant effect on performance and
thus serve as a readily accessible, controlled environ-
ment for housing associated RF equipments. For this
reason and also because of a high performance potential,
JPL chose a modified Cassegrain feed system. Opera-
tional experience with the system beginning in October,
1962, has strongly supported this choice.

Il. PREVIOUS APPLICABLE CASSEGRAIN WORK

The two-reflector system invented by W. Cassegrain
has been used extensively for many years in optical tele-
scopes, primarily to achieve a long effective focal length
with a convenient physical configuration. During the last
decade, widespread interest has developed in the use of
this type of system for microwave frequencies. An ex-
cellent tutorial paper on the microwave application was
published by Hannan in 1961 (Ref. 3). Hannan discussed
the Cassegrain antenna primarily from a geometric optics
standpoint and mentioned possible advantages over a
focal point feed system: superior physical configuration,
greater flexibility in feed system design and possible
longer equivalent focal length for simultaneous lobing
applications.

The specific advantage of the two-reflector system for
applications requiring minimum rear hemisphere radia-
tion and high front-to-back ratio was pointed out by
Foldes and Komlos in 1960 (Ref. 4). Detailed experi-
mental measurements are discussed in their paper relat-
ing to the deviation of the feed system performance from
that which would be expected from one based on geo-
metric optics; their design was, in fact, experimentally
optimized taking into account the empirically determined
diffraction effects of the optical subreflector. Under JPL
sponsorship, this work was extended by Foldes to large

low noise antenna applications (Ref. 5). Almost simul-
taneously, experimental work at JPL with a low-noise
85-ft diameter Cassegrain system was reported by Potter
(Ref. 6). The system described in Ref. 6, designed for
use at 960 Mc made use of an empirically-derived non-
optical subreflector (Ref. 7) for increased performance;
the performance reported was a zenith noise temperature
of 9.5° K, including atmospheric and extra atmospheric
effects (approximately 3.5° K at 960 Mc), and an aper-
ture efliciency of 0.50.

The microwave performance of a Cassegrain subreflec-
tor has been analyzed in detail in a recent paper by
Rusch (Ref. 8), who points out that the noise temperature
performance of the two-reflector antenna system is pri-
marily a function of the subreflector diffraction charac-
teristics, i.e., its nonoptical behavior. Rusch uses the
current distribution method (Ref. 9) of vector diffraction
theory to develop a machine program for accurate calcu-
lation of the scattering pattern of an optically-designed
subreflector, and hence the antenna noise temperature
contribution resulting from rearward spillover. This ana-
lytical technique- has also been extended (Ref. 10) to
consider nonoptical subreflectors such as those described
in Ref. 7.
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Although the zenith noise temperature performance of
a Cassegrain antenna is largely a matter of the sub-
reflector design and the wavelength size, the aperture
efficiency is primarily a function of the feedhorn design,
i.e., the manner in which the subreflector is illuminated.
For maximum aperture efficiency, the subreflector should
be essentially illuminated uniformly by a feedhorn whose
radiation pattern is axially symmetric and cuts off sharply
at the subreflector edge. Spillover around the subreflector
edge is a serious problem not only because of aperture

efficiency degradation but also because it creates a
spurious forward sidelobe level, making the antenna sus-
ceptible to solar jamming and increasing the antenna
temperature at low elevation angles.

For single frequency channel applications, such as
planetary radar studies, the dual mode conical feedhorn
(Ref. 11, 12) represents a significant improvement over
conventional feedhorns because of its pattern symmetry
and low sidelobe level.

lll. FEED SYSTEM CONFIGURATION

The antenna performance as a function of the Casse-
grain optics configuration was considered previously (Ref.
5, 6) in detail. Within a rather broad range of param-
eters, aperture efficiency and zenith noise temperature
are not particularly sensitive to feedhorn location,
subreflector size and other resulting configuration param-
eters.

The 2400-Mc planetary radar feed system configuration
is shown in Fig. 3. Figure 4 is a photograph of the
antenna with feed system installed; a second experimental
cone is on the ground nearby. The support cone is
designed in such a way that it may be mounted or
removed from the antenna in 2-4 hr, thereby permitting
extensive system checkout of the enclosed receiver and
calibration equipment on the ground prior to antenna
installation (Fig. 4).

The subreflector of the planetary radar feed system
consists of a 96-in.-diameter truncated hyperboloid with
a 120-in.-diameter nonoptical beamshaping flange to
reduce antenna noise temperature (Ref. 7). Reflection of
energy by the subreflector back into the feedhorn, with
the attendant impedance mismatch, is prevented by a
centrally located vertex matching plate on the subreflec-
tor (Ref. 4). The entire subreflector is mounted on a
motor driven jackscrew, three-point support system,
thereby allowing for remote focussing of the feed sys-
tem from the control room. Boresight alignment of the
antenna is accomplished by manual adjustment of
the three jackscrew supports.

QUADRIPOD SUPPORT
STRUCTURE

FOCAL POINT {432in.
FOCAL LENGTH)

SUPPORT CONE

Fig. 3. Planetary radar feed system

A pictorial block diagram of the support cone equip-
ment is shown in Fig. 5. The polarizer is a turnstile junc-
tion type (Ref. 13). This type of junction is a six-port
device; two ports are spatially orthogonal H,, circular
waveguide modes, two are H,, rectangular waveguide
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Fig. 4. Planetary radar antenna system

outputs and the final two are short circuit terminated
H,, rectangular waveguide ports. By appropriate choice
of the short circuit lengths, it is possible to excite the
feedhorn with any type of polarization. Normally, circu-
lar polarization is used for radar experiments; by manual
change of the short circuits two continuously rotatable
spatially orthogonal modes of linear polarization may be
obtained. The polarization switch allows remotely con-
trolled selection of either right- or left-hand circular
polarization, or two orthogonal linear polarizations.

As shown in Fig. 5, a second waveguide switch is
used to switch the polarizer output either to the high
power transmitter or to the receiving system. The third
switch allows the receiver (Maser) input to be switched
between the antenna or either of two calibrating cryo-
genic terminations. During the normal transmit mode of

~———FEED HORN

POLARIZATION

DRIVE MOTOR
ROUND WAVEGUIDE
ROTARY JOINT
TURNSTILE COMPONENT
JUNCTION ! — BOXES
ORTHOGONAL ——= | | 5AD — L} orrHocONAL
MODE / MODE
WAVEGUIDE [!] WAVEGUIDE
——1 POLARIZATION
POLARIZATION —— _ N SYSTEM
SWITCH ] Yot T0 SUPPORT FRAME
T 4 NITROGEN
! LOAD
RECTANGULAR " =Tl <y -
WAVEGUIDE TS B— L
ROTARY — ~ _ LOAD
JOINT CALIBRATION
SWITCH
6 ft
MASER
TRANSMIT- —
i RECEIVE ~—SUPPORT
| SWITCH / CONE
} PARAMETRIC
j_ AMPLIFIER

| TRANSMITTER INPUT

Fig. 5. Support cone equipment layout

radar operation, the polarization switch is in the right
circular position, the transmit-receive switch is in the
transmit position, and the calibration switch is in the ni-
trogen load position, the latter to provide additional
isolation between transmitter output and receiver input.
In the normal receiving configuration, the polarization
and transmit-receive switch positions are reversed and
the calibrate switch positioned to the antenna port. Dur-
ing radar operation the transmitter drive and switch
positions are changed remotely and automatically at time
intervals which correspond to the round-trip propagation
time between the Earth and the planetary target.

The polarization flexibility and excellent axial ratio of
the overall antenna system have been employed by
Schuster and Levy (Ref. 14, 15) to perform a number of
interesting polarization experiments with the planet
Venus as a radar target.
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IV. MICROWAVE COMPONENT DESIGN

The feedhorn is a dual mode conical horn (Ref. 11,
12); this type of horn is basically a small flare angle coni-
cal horn excited with both the dominant H,, and higher-
order E,, cylindrical waveguide modes, in such a way
that the resulting radiation pattern is essentially axially
symmetrical, has low sidelobes and negligible cross po-
larization. The measured feedhorn radiation patterns in
the electric, magnetic and diagonal planes are shown in
Fig. 6-8 respectively. Because of the desired presence of
the higher-order E,; mode in the horn, it is necessary to
maintain extreme mechanical precision (the order of 10~
wavelength) on the inner surfaces to prevent mode con-
version, with attendant pattern degradation. For this rea-
son very conservative mechanical design and fabrication
techniques are used; the entire feedhorn was machined
from three solid aluminum billets; a typical section
is shown in Fig. 9. The completed feedhorn under-
going radiation pattern tests is shown in Fig. 10. It is
entirely a figure of revolution, allowing complete polari-
zation flexibility.

N
[=]

RELATIVE POWER ONE WaAY, db

ol
(=)

LN [\

72 36 [¢] 36 72
ANGLE OF ROTATION, deg

Fig. 6. Feedhorn radiation pattern, E-plane

The turnstile junction polarizer presented a special
problem because of the required high power level (100
kw, CW) during transmit operation. A photograph of the
unit is shown in Fig. 11. The cylindrical device protrud-
ing from the circular waveguide output is the tuning
probe, required for mismatch elimination and port isola-
tion. Between this probe and the circular waveguide wall,
TEM coaxial mode energy exists which may cause exces-
sive field strength at the probe surface, with possible
arcing. High power tests of the turnstile junction assem-
bly were utilized, in conjunction with conventional mi-
crowave measurements, to determine a matching probe
configuration which had the desired electrical perform-
ance and at the same time would operate at the 100 kw
power level. The ellipticity produced by the polarizer,
as measured on the entire antenna system, is 0.4 db.

The waveguide rotary joints, switches, bends and other
components are of conventional design and do not pre-
sent any particular problem. All mating flanges were,

[¢]
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=
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Fig. 7. Feedhorn radiation pattern, H-plane
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Fig. 8. Feedhorn radiation pattern, 45° plane

however, carefully machined and hand-lapped flat. All
components are individually matched to a voltage stand-
ing wave ratio of 1.01 to 1.05, and inside surfaces were
carefully cleaned to reduce loss and prevent breakdown
under power. All high power waveguide parts except the
switches and those parts which are in the rotating assem-

Fig. 9. Feedhorn section after rough machining

bly are water cooled for temperature stability, and the
entire waveguide system including the feedhorn is pres-
surized with dry nitrogen at 0.2 psi above atmospheric
pressure to prevent corrosion and to ensure an inert gas
for the transmitter tube should its vacuum seal leak.
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Fig. 11. High power turnstile junction
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V. GAIN AND NOISE TEMPERATURE PERFORMANCE

The accurate gain calibration of large antenna systems
poses a special problem because of the large distance
involved in far field tests. For an 85-ft antenna operating
at 2400 Mc the conventional far-field distance, i.e., the
distance given by twice the ratio of antenna diameter
squared to wavelength, is 6.6 statute miles —and an
even larger distance is desired for accurate gain calibra-
tions. Consequently, a calibration signal source was in-
stalled on Mt. Tiefort, 12.7 mi from the radar antenna.
Figure 12 shows the radar installation, Mt. Tiefort and
the measurement range.

The technique used for gain calibration involved di-
rect measurement of the signal attenuation between the
antenna and the Mt. Tiefort signal source, using suitable
corrections for atmospheric loss due to oxygen molecular
resonance (Ref. 16, 17). The equipment block diagram
for the test is shown in Fig. 13. A total standard deviation
of 0.15 db was obtained for the test, as shown in Table 1.

Usually, uncertainty in the standard horn calibration is
the most serious error in this type of test. For this reason,
a unit identical to the feedhorn was calibrated and used;
for the standard gain application, this type of horn has
the multiple advantages of: low sidelobes, negligible
cross polarized radiation, a well defined phase center
close to the aperture, equal beamwidths in all planes, and

67,320.90 ft

Table 1. Antenna gain calibration errors

Estimated standard

Error deviation, db
Standard horn gain 0.09
Signal attenuation 0.05
Multipath 0.05
Coupler calibration 0.05
Atmospheric loss 0.05
Impedance mismatch 0.05
Dissipative losses 0.03
Antenna alignment 0.02
Range length 0.01
Total standard deviation 0.15 db

complete polarization versatility. The horn gain was de-
termined by three independent methods: (1) direct meas-
urement, using a pair of identical units; (2) numerical
integration of measured radiation patterns; and (3) analy-
tical integration of the predicted aperture distribution.
These three methods yielded 22.17, 21.95 and 21.85 db,
respectively. A statistical analysis of these data and the
associated errors yields an expected gain value of 22.02
db with a standard deviation of 0.09 db.

Using the above results, the 85-ft antenna gain at the
feedhorn output was found to be 54.40 db above iso-
tropic, with a standard deviation of 0.15 db; the corre-
sponding aperture efficiency is 0.65. This measurement

TIEFORT MOUNTAIN
ANTENNA RANGE

Fig. 12. Antenna calibration range
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Fig. 13. Block diagram for 85-ft antenna gain test

is believed to be one of the most accurate gain calibra-
tions ever performed of an 85-ft antenna, and it is
presently being used (Ref. 18) for calibration of radio
source absolute flux density. This work, when completed,
will provide a convenient and accurate means of gain

evaluation and comparison of the antennas in the
NASA/JPL DSIF.

General techniques for determining effective antenna
temperature have been derived by Schuster et al (Ref. 2).
The method used for evaluating the planetary radar
system basically consists of comparing the noise power
received by the antenna with that emitted by the liquid
nitrogen and liquid helium terminations. Corrections for
the small (0.1 db) insertion losses in the various transmis-
sion paths were made, resulting in an overall standard
deviation for the zenith antenna temperature of approxi-
mately 0.75° K. The mean value for the antenna tem-
perature at the feedhorn output is 10.5° K. Figure 14 is
a plot of the antenna temperature as a function of eleva-
tion angle, together with the temperature which would
be observed if the only elevation angle dependence were

10

70 \
60

\ ——PREDICTED FOR NO SIDE LOBE

PICKUP
O EXPERIMENTAL
50 \
40
30

1=

o] 10 20 30 40 50 60 70 80 90
ELEVATION ANGLE, deg

°K
"]

L

Fig. 14. Antenna temperature vs. elevation angle

that predicted by Hogg (Ref. 17) for the atmosphere.
Note that the forward sidelobe contribution to antenna
noise temperature is scarcely discernible.
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VI. PERFORMANCE ANALYSIS AND THE POSSIBILITY OF FUTURE IMPROVEMENT

The radiation pattern of a paraboloidal antenna may
be calculated by integration of its aperture distribution
(Ref. 19); the radiation pattern, g(6, ¢), is given by

e0.9) = [7 [T ¢y emecn e oy
n %)
where
# = antenna polar pattern angle
¢ = antenna azimuth pattern angle
k = free space propagation constant

¢’ = azimuth coordinate of a point in the aper-
ture

p = radial coordinate of a point in the aperture
a = aperture radius
F(p, ¢’) = complex aperture field distribution

Equation (5) is based on scalar diffraction theory and is
valid when F(p, ¢’) is a slowly varying function of posi-

tion and has small phase error, and when 4 is much
smaller than 90°. F(p, ¢') is established by two factors:
the feed system radiation pattern and the aperture
blockage.

The planetary radar feed system polar radiation pat-
tern, i.e., the pattern of the feedhorn-subreflector com-
bination, is shown in Fig. 15. The relatively uniform
radiation in the angular region subtended by the para-
boloid (+60°) and low rearward spillover are evident.
The radiation pattern, experimentally determined by
scale model tests and by machine computation (Ref. 10)
is essentially axially symmetric, as would be expected
from the symmetric feedhorn pattern and subreflector of
revolution.

Typical aperture blockage effects are depicted in Fig.
16, which is a nighttime photograph taken of a smaller
Cassegrain antenna whose feedhorn had been replaced
by a suitable light source. The blockage is of two types:
(1) a central circular area caused by the subreflector,
and (2) radial wedge-shaped areas caused by the quadri-
pod support structure. The physical configuration of the

0

0 f\/\
8
©
ax
§ 20H ‘ H
[
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: M
)
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i h

30 4 \ 1

40

186 13 108 72 36 ) 36 72 108 144 180
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Fig. 15. Feed system radiation pattern
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Fig. 16. Aperture blockage effect

quadripod support and the subreflector on the 85-ft radar
antenna may be seen in Fig. 17.

A machine program has been developed at JPL for
evaluation of Eq. (5), using feed radiation pattern data
and calculated aperture blockage. The quadripod is in-
cluded in the calculation as four wedge-shaped regions,
corresponding to the physical outline of the trusswork.
An opaqueness factor is introduced in the quadripod-
blocked region to account for the fact that the trusswork
will, on the average, transmit collimated energy varying
from zero (100% opaqueness) to full illumination (0%
opaqueness). Figures 18 and 19 are machine computed
secondary patterns of the 85-ft antenna for 50 and 75%
opaqueness, respectively. The true opaqueness of this
quadripod is estimated by a comparison with the experi-
ment radiation patterns shown in Fig. 20. Although
there is clearly quadripod polarization dependence, the
opaqueness appears to lie between 50 and 75%. From
a knowledge of the geometrical outline blockage of the
quadripod, which is 14.4%, the quadripod microwave
blockage is found to lie between 7 and 11%. The corre-
sponding loss of aperture efficiency due to this effect is
—0.6 to —1.0 db. As shown below, a value of —0.73 db
(9% blocking) results in perfect agreement between cal-
culated and measured aperture efficiency, and is con-
sidered a reasonable estimate of the true effect.

12

Fig. 17. Truss type quadripod

The predicted (calculated) overall gain and aperture
efficiency are compared with the measured values in

Table 2.

Table 2. Predicted and measured gain and
aperture efficiency

Associated .
Item gain, db Aperture efficiency
Theoretical maximum 56.24 1.000
lllumination factor
R —1.06
(includes phase loss)
Gain for perfect surface
i +55.18 0.783
and no quadripod
Surface tolerance loss —0.05
(0.032-in. rms)
Gain for no quadripod +55.13 0.775
Gain loss for 100%
opaque quadripod —1.19
(machine computed)
Gain loss for 63% opaque
o8 Ve epEq —0.73
quadripod
Gain for 63% opaque
. ® aped +54.40 0.655
quadripod
54.40 = 0.15 0.655 = 0.020
Measured gain standard standard
deviation deviation
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The illumination factor of —1.06 db was calculated by
numerical integration (Ref. 20) of the feed system radia-
tion pattern shown in Fig. 15. As mentioned above, there
is no significance to the exact value of 63% opaqueness,
other than the ensuing agreement between calculated
and measured antenna gain. Table 2 not only shows that
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Fig. 20. Measvred secondary patterns

antenna gain may be precalculated to good accuracy,
but also indicates possibilities for future improvement.
Although the illumination loss is only —1 db, it appears,
based on present studies in progress at JPL, that further
feed system development could effect an improvement
of roughly 0.5 db in this area. Similarly, it appears that
the effective quadripod blockage could be reduced by
more efficient structural design; reduction of this effect to
—0.25 db (3% blockage) appears reasonable. An overall
improvement of approximately 1 db, therefore, appears
possible.

Predicted and measured zenith antenna noise tempera-
ture performance is shown in Table 3.

Table 3. Predicted and measured zenith
noise temperature

Feed spillover (0.5%) 1.0°K (predicted from scale model tests)

5.5° (predicted from 9% blocking, en-
ergy assumed to scatter isotropically]
averaged 240°K ground)

Quadripod scattering

Surface leakage between 0.5° (extrapolated from a measured value

panels ot a different frequency)

Atmosphere and extra

atmospheric noise 3.0 (measured)

Predicted total 10.0°K

Measured total 10.5° £ 0.75 standard deviation

13




JPL TECHNICAL REPORT NO. 32-653

Table 3 demonstrates that zenith noise temperature
may be predicted to good accuracy from a knowledge of
the feed system patterns and the antenna physical char-
acteristics. Reduction of the quadripod blockage to 3%,
as described above, would reduce that contribution to
2° K; also, future feed system improvement to 0.5°
spillover contribution appears reasonable. Therefore, it

is felt that a total zenith noise temperature, at S-band
frequency, of 6-7° K is a practical goal for future para-
boloidal antenna systems. With no other receiving system
improvements, this could reduce the overall system noise
temperature from 28 to 24° K, an improvement in sensi-
tivity of 0.7 db. Improvement would, of course, be more
dramatic with lower-noise receiving systems.

VIl. CONCLUSIONS

A 2400-Mc Cassegrain-type 85-ft-diameter parabo-
loidal antenna for a planetary radar system has been
described. It is applicable in deep space communication
systems. It is shown that the performance level is within
approximately 2 db of fundamental limits. Based on this

fact, economic considerations, and favorable operational
experience over a two-year period, it is believed that a
two-reflector paraboloidal antenna is a sound approach
to large aperture, low noise applications such as plane-
tary radar.
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